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(54) Vehicle suspension system 

(57) A clutch device for use with a vehicle suspen- 
sion system to vary the stiffness of a stabilizer bar, A 
plurality of dampers connected to the clutch body alter- 
nate with a plurality of dampers connected to the stabi- 
lizer bar. The dampers are coated with a friction material 
and surrounded by a fluid. When a load is applied on 



the walls of clutch body, the friction material comes into 
contact, dampening the rotation action of the stabilizer 
bar. A sensor senses the parameters of the ride and 
generates a signal based on these parameters. The sig- 
nal activates a power source controller which applies the 
load to the walls. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates generally to ve- 
hicle suspension systems and in particular to an active 
clutch device utilized on a stabilizer bar of a vehicle sus- 
pension system which includes a plurality of interacting 
dampers which provide variable stiffness in the stabiliz- 
er bar. 

[0002] Vehicles are commonly equipped with suspen- 
sion systems for absorbing road shock and other vibra- 
tions, while providing for a smooth and comfortable ride. 
Also tipping or rolling over of vehicles is undesirable. A 
suspension component, such as a stabilizer bar, is often 
used to increase roll rigidity and improve the steering 
stability of the vehicle. The stabilizer bar is generally at- 
tached to the lower A-arms of the suspension system 
and controls sway as the vehicle turns and provides a 
pull down force during cornering. 
[0003] As a vehicle turns, the body of the vehicle rolls 
to the outside of the turn. The suspension components 
on the outside of the turn are generally compressed, 
while the suspension components on the inside of the 
turn are generally extended. The stabilizer bar counters 
this motion by pushing up on the suspension compo- 
nents collapsed through torsion in the stabilizer bar. 
[0004] During cornering, it is desirable that the stiff- 
ness of the stabilizer bar be increased. If the stabilizer 
bar is too compliant, the vehicle will not respond well 
during cornering, increasing the likelihood of rolling 
over. However, if the stabilizer is too stiff, the ride and 
handling will be compromised during normal vehicle op- 
eration. Therefore, it Is desirable that the compliance of 
the stabilizer bar be variable to adjust for changing driv- 
ing conditions. 

[0005] In a proposed vehicle suspension system, a 
clutch device includes a chamber which houses a plu- 
rality of discs and either a magnetic-rheological or elec- 
tro-rheological fluid. On the application of either a high 
strength magnetic or electrical field, respectively, the flu- 
id increases in viscosity, which increases both the stiff- 
ness of the stabilizer bar and the ride of the vehicle. In 
this system, the discs are attached to a pair of split sta- 
bilizer bars, the' discs selectively driving each other 

SUMMARY OF THE INVENTION 

[0006] This invention relates to an active clutch device 
for use on a stabilizer bar of a vehicle suspension sys- 
tem to provide variable stiffness in the stabilizer bar. 
[0007] A clutch device positioned in the middle of a 
split stabilizer bar is employed to vary the stabilizer bar 
stiffness. A clutch body secured to the vehicle frame in- 
cludes a plurality of clutch dampers which alternate with 
a plurality of bar dampers which are secured to the sta- 
bilizer bar. The alternating dampers are coated with a 
friction material and surrounded with a fluid enclosed in 



the clutch body by walls. When a load is applied on the 
walls, the walls pressing the friction material together to 
dampen the rotational action of the stabilizer bar. The 
walls are secured to the clutch body and the stabilizer 

5 bar by a sliding component, such as an annular elastic 
bead, which allows for the slight movement of the walls. 
[0008] A sensor senses the ride parameters and gen- 
erates a signal based on these parameters. When the 
vehicle corners and the sensor detects a need for an 

10 increase in vehicle roll stiffness, the sensor generates 
a signal which activates a power source controller. The 
controller proportionally applies the load to the walls, 
proportionally dampening the stabilizer bar. The load 
can be applied from a hydraulic, pneumatic, or electrical 

15 power source. Alternatively, the load can be applied by 
applying a magnetic or electrical field to magnetic-rhe- 
ological or electro-rheological fluid, respectively, in the 
clutch body. 

[0009] Accordingly, the present invention provides an 
20 active clutch device for use on a stabilizer bar of a ve- 
hicle suspension system to provide variable stiffness in 
the stabilizer bar, 

[0010] These and other features of the present inven- 
tion will be best understood from the following specifi- 
25 cation and drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[001 1 ] The various features and advantages of the in- 
30 vention will become apparent to those skilled in the art 
from the following detailed description of the currently 
preferred embodiment. The drawings that accompany 
the detailed description can be briefly described as fol- 
lows: 

35 ^ 

Figure 1 illustrates a front schematic view of a sta- 
bilizer bar of the present invention employed in a 
vehicle suspension system; 
Figure 2 illustrates a front cross-sectional view of 

40 the clutch device of the present invention utilizing a 
hydraulic or pneumatic load source; 
Figure 3 illustrates a front cross-sectional view of a 
second embodiment of the clutch device utilizing 
magnetic-rheological fluid or electro-rtieological flu- 

45 id as the load source; and 

Figure 4 illustrates a front cross-sectional view of a 
third embodiment of the clutch device utilizing an 
electrical load source. 

50 DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0012] Figure 1 Illustrates a stabilizer bar 20 of a ve- 
hicle suspension system 22. As shown schematically, 
55 ends 24 of the stabilizer bar 20 are attached by linkages 
23 to control arms 26 which are mounted to wheels 28. 
As known, the stabilizer bar 20 provides a stabilizer 
function. 
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[0013] As shown In Figure 2, the stabilizer bar 20 of 
the present Invention is equally split to form a left stabi- 
lizer bar portion 20a and a right stabilizer bar portion 
20b, a division 21 located between the portions 20a and 
20b. A clutch device 30 receives the Inner portions 32 
and 34, respectively, of stabilizer bar portions 20a and 
20b, 

[001 4J The clutch device 30 Includes a clutch body 36 
which is attached to the vehicle frame 38, shown sche- 
matically. The clutch body 36 is split into a left compart- 
ment 40 and right compartment 42 which receive the 
Inner portions 32 and 34, respectively, of the stabilizer 
bar 20. Each compartment 40 and 42 is formed and en- 
closed by an inner wall 44 and an outer wall 46, each 
wall 44 and 46 including an outer periphery 48 and an 
Inner periphery 50. The outer peripheries 48 are sub- 
stantially sized and shaped to fit the clutch body 36, and 
the inner peripheries 50 are substantially sized, shaped 
and aligned to receive the Inner portions 32 and 34 of 
the stabilizer bar 20a and 20b, respectively. 
[0015] A flexible component 52 seals the outer periph- 
eries 48 of the walls 44 and 46 to the clutch body 36 and 
the inner peripheries 50 to the stabilizer bar portions 20a 
and 20b. As the components 52 are slightly flexible, the 
components 52 allow for slight movement of the walls 
44 and 46. In the preferred embodiment, the compo- 
nents 52 and 54 are a flexible elastic annular bead or a 
diaphragm. 

[0016] A plurality of clutch dampers 56 and a plurality 
of stabilizer bar dampers 58 are alternatlngly connected 
to the clutch body 36 and the stabilizer bar portions 20a 
and 20b, respectively. Although six clutch friction plate 
dampers 56 and four stabilizer bar friction plate dampers 
58 are illustrated, any number of dampers 56 and 58 
can be utilized. It is preferred that the dampers 56 and 
58 are substantially perpendicular to the stabilizer bar 
20. The outer periphery 60 of each of the clutch dampers 
56 is secured to the clutch body 36, and the inner pe- 
riphery 62 of each of the stabilizer bar dampers 58 Is 
secured to the stabilizer bar portions 20a and 20b. The 
dampers 56 and 58 are slightly flexibly secured such 
that slight movement Is possible. The inner periphery 66 
of the clutch dampers 56 and the outer periphery 64 of 
the stabilizer bar dampers 58 are unsecured. 
[0017] Friction material 68 is positioned substantially 
between each of the walls 44 and 46 and the dampers 
56 and 58. It is preferred that the friction material 68 be 
coated on the walls 44 and 46 and dampers 56 and 58. 
During normal vehicle operation when the stabilizer bar 
20 Is in a relatively unstiffened state, a slight gap 82 ex- 
ists between the friction material 68. As the gap 82 Is 
substantially narrow, the f rictional material 68 almost en- 
gages the other friction material 68 when the stabilizer 
bar 20 is in the unstiffened state. However, for illustrative 
purposes, the gaps 82 in Figure 2 between the friction 
material 68 are shown enlarged and not to scale. 
[0018] A fluid 70 in each compartment 40 and 42 sub- 
stantially surrounds the friction material 68 to dissipate 



heat and increase the freedom of movement between 
the. friction material 68. The fluid 70 is retained in the 
compartments 40 and 42 by walls 44 and 46 and is 
sealed by the flexible components 52. 

5 [0019] During vehicle operation, a sensor 72 detects 
a ride parameter, such as lateral acceleration, wheel 
load, wheel velocity or yaw rate. When the sensor 72 
detects an increase in the rotation of the stabilizer bar 
20, the sensor 72 generates and forwards a signal 74 

10 to a power source controller 76. The controller 76 ap- 
plies a load 78 on walls 44 and 46 which corresponds 
to the signal 74 generated. In this embodiment the load 
78 is applied through fluid pressure. One skilled in the 
art would understand what ride parameters would need 

^5 to be detected to detemiine the desired stiffness of the 
stabilizer bar 20. 

[0020] During nomial vehicle operation when the sta- 
bilizer bar 20 Is In a relatively unstiffened state, a small 
gap 82 exists between the friction materials 68, When 

20 the sensor 72 detects a need for an increase In stiffness, 
a signal 74 is sent to the power source controller 76. The 
controller 76 applies the load 78 to the walls 44 and 46 
which are slightly pressed inwardly towards the damp- 
ers 56 and 58. As the dampers 54 and 56 are flexibly 

^5 connected to the clutch body 36 and the stabilizer bar 
20, the friction materials 68 are brought into contact, 
stiffening the stabilizer bar 20. When the sensor 72 de- 
tects a need for a decrease in the stiffness of the stabi- 
lizer bar 20, a signal 74 is generated to slightly move the 

30 walls 44 and 46 outwardly away from the dampers 56 
and 58. The friction materials 68 disengage, reducing 
stiffness in the stabilizer bar 20. 
[0021] As further illustrated in Figure 2, the controller 
76 activates a hydraulic or pneumatic source 83 to gen- 

35 erate the load 78. The source 83 Injects a pressurized 
fluid into a middle section 84 located between the inner 
walls 44 and into outer sections 86 created between the 
outer walls 46 and sealing walls 80 fixed to the clutch 
body 36. The fluid may be hydraulic or air. When the 

40 fluid or air enters the middle section 84 and the outer 
sections 86, the fluid or air presses on the outer walls 
46 and the inner walls 44, creating the load 78 and 
pressing the friction materials 68 Into contact to stiffen 
the stabilizer bar 20. The valving etc. to selectively con- 

45 trol the application of this pressurized fluid is within the 
slcill of a worker in this art. 

[0022] Alternatively, as illustrated in Figure 3, an elec- 
tro-rheological or magnetic-rtieological fluid 92 is con- 
tained in the middle section 84 and the outer sections 

50 86. An electric or magnetic field, respectively, is gener- 
ated by a field source 90. When stiffening is desired in 
the stabilizer bar 20, the controller 76 activates the field 
source 90 which generates a field that Increases the vis- 
cosity of the fluid 92. As the fluid 92 thickens, load 78 

55 presses on the walls 44 and 48, pressing the friction ma- 
terial 68 into contact. Additionally, the fluid 70 between 
the friction material 68 can also either be electro-rheo- 
loglcal or magnetic-rheologlcal, which changes viscos- 
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ity in response to an electric or magnetic field, respec- 
tively. The applied electric or magnetic field thickens the 
fluid, further increasing the stiffness of the stabilizer bar 
20. The structure to create and apply the field 90 may 
be as knowii^, and a worker in the art would be able to 
develop an appropriate system. 
[0023] Figure 4 illustrates a third embodiment of the 
present invention. The load 78 is generated by an elec- 
trical source 88, shown schematically. The load 78 is 
applied to the walls 44 and 46. pressing the friction ma- 
terial 68 into contact to stiffen the stabilizer bar 20. 
Again, the electrical details necessary are within the lev- 
el of skill in the art. 

[0024] The clutch device 30 dampens or locks the sta- 
bilizer bar 20 depending ori the required vehicle roll stiff- 
ness to prevent roll-over and to insure adequate han- 
dling. If the friction materials 68 are positioned apart, 
there will be low stiffness in the stabilizer bar 20 and a 
small amount of relative rotation between the stabilizer 
bar portions 20a and 20b. The ride of the vehicle will be 
soft and there will be relatively low suspension spring 
rate during bumps. If the walls 44 and 46 slide so as to 
cause the friction materials 68 to substantially contact, 
the stiffness of the stabilizer bar 20 increases and there 
will be no relative rotation between the stabilizer bar por- 
tions 20a and 20b. The ride of the vehicle will be rela- 
tively stiff and will have a relatively high suspension 
spring rate. 

[0025] There are several advantages to utilizing the 
active clutched stabilizer bar 20. For one, as the stabi- 
lizer bar 20 is active, the roll stiffness of the stabilizer 
bar 20 can be continually modified to increase handling 
and also to avoid roll-over conditions. The stabilizer bar 
20 provides additional roll stabilizer during extreme 
maneuvers and roll over conditions. The compliance oi 
the stabilizer bar 20 can be adjusted to the actual con- 
ditions existing. The stabilizer bar 20 could have low 
compliance for normal driving, and a high compliance 
for cornering. 

[0026] Accordingly, the present invention provides an 
active clutch device for use on a stabilizer bar of a ve- 
hicle suspension system to provide variable stiffness ir 
the stabilizer bar. 

[0027] The foregoing description is only exemplary of 
the principles of the Invention. Many modifications and 
variations of the present invention are possible in light 
of the above teachings. The preferred embodiments of 
this invention have been disclosed, however, so that one 
of ordinary skill in the art would recognize that certain 
modifications would come within the scope of this inven- 
tion. It is, therefore, to be understood that within the 
scope of the appended claims, the invention may be 
practiced othenfl/ise than as specially described. Forthat 
reason the following claims should be studied to deter- 
mine the true scope and content of this invention. 



Claims 

1. A vehicle suspension system (22) comprising: 

5 a stabilizer bar (20) including at least one bar 

disc (58) connected to a vehicle wheel; and 
a clutch device (30) substantially housing said 
at least one bar disc and including at least one 
clutch disc (56) to be connected to a vehicle 

10 frame (38), said at least one bar disc and said 

at least one clutch disc substantially interacting 
to control a level of stiffness of said stabilizer 
bar. 

15 2. The stabilizer bar as recited in claim 1 wherein a 
friction material (68) is substantially coated on at 
least one of said discs. 

3. The vehicle suspension system as recited in claim 
20 2 wherein increased contact of each of said discs 

with said friction material (68) substantially increas- 
es said level of stiffness of said stabilizer bar. 

4. The vehicle suspension system as recited in claim 
25 2 or 3 wherein said discs and said friction material 

are substantially enclosed by at least a pair of outer 
walls (46) flexibly secured to a body of said clutch 
device and to said stabilizer bar. 

30 5. The vehicle suspension system as recited in claim 

4 wherein a load (78) applied on said outer walls 
presses said outer walls towards said discs such 
that said friction material substantially contacts said 
discs. 

35 

6. The vehicle suspension system as recited in claim 

5 wherein a fluid (70) is dispersed in said clutch 
body. 

40 7. The vehicle suspension system as recited in claim 
5 or 6 wherein a sensor (72) monitors at least one 
ride parameter and generates a signal (74) based 
on said at least one ride parameter, said sensor ap- 
plying said load on said outer walls corresponding 

4s to said signal. 

8. The vehicle suspension system as recited in claim 
5 or 6 or 7 wherein said load is fluid. 

50 9. The vehicle suspension system as recited in claim 
5 or 6 or 7 wherein said load is applied from elec- 
trical power. 

10. The vehicle suspension system as recited in claim 
55 5 or 6 or 7 wherein said load is applied from an elec- 
tro-rheological fluid reactive to a signal generated 
by a sensor. 
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11. The vehicle suspension system as recited in claim 
5 or 6 or 7 wherein said load Is applied from a mag- 
netlc-rheological fluid reactive to a signal generated 
by a sensor, 

5 

12. The vehicle suspension system as recited in any 
preceding claim wherein there are a plurality of said 
at least one clutch disc and said at least one bar 
disc, said plurality of discs substantially alternating. 

10 

13. The vehicle suspension system as recited in any 
preceding claim wherein said discs and said friction 
materials are substantially perpendicular to a longi- 
tudinal axis of said stabilizer bar 

14. The vehicle suspension system as recited in any 
preceding claim wherein said stabilizer bar includes 
a division which splits said stabilizer bar Into sub- 
stantially equal portions split to form a division (21). 
said clutch device housing said division. 20 

15. The vehicle suspension system as recited in claim 
1 further including a pair of inner walls (44) flexibly 
secured to said body of said clutch device and to 
said stabilizer bar, one of said outer walls (46) and 25 
one of inner walls (44) forming a first compartment 
and the other of said inner walls (44) and the other 

of said outer walls (46) forming a second compart- 
ment, each of said discs being enclosed in one of 
said compartments, a load applied on said walls 30 
presses said inner walls outwardly and said outer 
walls inwardly such said discs substantially contact. 

16. A vehicle suspension system (22) comprising: 

35 

a stabilizer bar (20) including at least one bar 
disc (58) connected to a vehicle wheel; 
a clutch device (30) Including a clutch body, at 
least one clutch disc (56) connected to a vehicle 
frame (38), a pair of inner walls (44) and a pair 40 
of outer walls (46) both flexibly connected to 
said clutch body and said stabilizer bar, one of 
said outer walls and one of Inner walls forming 
a first compartment and the other of said inner 
walls and the other of said outer walls forming 45 
a second compartment, a fluid and said discs 
being enclosed In said compartments, said at 
least one bar disc and said at least one clutch 
disc substantially alternating and interacting to 
control a level of stiffness of said stabilizer bar; so 
and 

a sensor (72) which monitors at least one ride 
parameter and generates a signal based on 
said at least one ride parameter, said sensor 
applying a load pressing said inner walls out- ss 
wardly and said outer walls inwardly such that 
said discs substantially contact. 



17. The vehicle suspension system as recited in claim 
16 wherein increased contact of each of said discs 
with a friction material (68) substantially increases 
said level of stiffness of said stabilizer bar. 

18. The vehicle suspension system as recited In claim 
1 6 or 1 7 wherein said stabilizer bar includes a divi- 
sion (21) which splits said stabilizer bar into sub- 
stantially equal portions split to form a division, said, 
clutch device housing said division. 

19. The vehicle suspension system as recited in claim 
16 or 17 or 18 wherein each of said discs is en- 
closed in one of said compartments. 

20. The method for controlling a level of stiffness of a 
stabilizer bar (20) of a vehicle suspension system 
comprising the steps of: 

sensing at least one ride parameter; 
generating a signal based on said at least one 
ride parameter; 

applying a load corresponding to said signal on 
a pair of inner walls (44) and a pair of outer walls 
(46) both flexibly connected to a clutch body of 
a clutch device and said stabilizer bar, one of 
said outer walls and one of inner walls forming 
a first compartment and the other of said inner 
walls and the other of said outer walls forming 
a second compartment; and 
Interacting at least one bar disc attached to said 
stabilizer bar and at least one clutch disc at- 
tached to said clutch device, both said bar discs 
and said clutch discs being located in one of 
said compartments, by said load to control said 
level of stiffness of said stabilizer bar. 
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